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(57)Abstract: 

PURPOSE: To measure a three-dimensional shape of a 
large size object with a high degree of accuracy and at a 
high speed by converting coordinates of the outer surface 
of the object measured by a shape measuring sensor into 
coordinates within a stationary coordinate system in 
accordance with a sensor position in the stationary 
coordinate system. 

CONSTITUTION: An ultrasonic converter servings as a 
distance measuring means is attached to the front end of a 
rack 14 in a crosswise member 13, and an envelope of an 
overall outer surface of the object 15 to be measured, 
which is statically set on a measuring bed 1 1 is 
approximated. Thus, an approximated wire frame model is 
automatically created by a computer so as to a measuring 
position for a shape measuring sensor 3 and a sensor path. 
Next, the sensor 3 is moved along the path so as to 
measure the shape of the surface of the object 5 and 
coordinates of measuring points the same. A position 
evaluating camera is directed to panels 161 to 169 so as 

to evaluate the position of the sensor in a stationary coordinate system of the frame 1. Further. 
Converting determinant calculation from the coordinate system of the sensor 3 and a coordinate 
position evaluating coordinate system for a position to be measured is carried out so as to obtain 
a precise coordinate value of the point to be measured on the outer surface of the object 15. 
Thereby, it is used for creation of a CAD model or the like. 
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^(XU . Yin . Zl„.„ ) (Of^t^OtCE 1 2-C^ 
Ji)6n/cHfi^ (X„ . Y„ . Zo.n ) ;&itft>n5>o c 

[0 046 } ^2<DRt>K^(^. 

6n5o aS((D^^cJ:or3^?n^2iH^it*^4 0ffl 

cc@s$n. '^x^2\^E<D^m<Dm(>cut'^-ij(om(^ 

[0 047] m(o^mmcj:h}tt. ^m-^2<of^t>^ 
^ d7 1 4 (ommm. 1 4 1 (c3ii^$n/c5:^i*tc 

^W}ti>. mi^m* mm-i-'{ c'Mt^(Dm:Km'c 
mn^n. 5#@co^^;oi5fe«:^i^)/cm«^ (Xo . 

Y„ ) tc^X^<i:ffig^ii)$n-5cl:')^^^3S:J^(*^l4X 

[0 04 8] s hm\o:>^i&m^^n\t. ^Mjs^® 
[0 049 ] c^-rn(Di#^fe. lEM'j^^fto r^ifiBj 7 
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fflomiZfiS (X U . Yl„ . Z ) 

10 [0 0 5 0] 7>ri'-7U-Atin>f:x-^?(Ccl:-:>r 

[0 05 1 ] 06CCOt,>rSi?g^-2)o (X 

Ic-x . Yl„., . Z l-,.„-a ) . (Xlp.x . Yl 

n . Z l«_x . „ ) . (X U., . Yin., . Z 1 
.-l.n.l) . (X 1„ . Y in.i . Z U.n.a ) . (X 

20 lo . Yl„ . Z l„.n ) . (X la . Yl„., , Z 1 

o.n.x ) . (Xla.. . Yl„ . ZU.».„ ) Xh^^ 
^ i^.^Po.l , n-1 % Po-l.n * Po-l,nfl x Po.n-l v 
Pen . Po.a.l . Pc*l.„ 3&i6 7>f 

^ }^.<Dmmmtmmmitt. spgE 1 3w:fct:r-s^2<D^g 
r^2ocD»jmg<b. ^2±<Dmtr^^m^m<D^ 
mt0mm^j:'7x^m^ti. c<Dtmt>c:^\<^x{t!^.<D 

-IJO^-rSjSPo-t.n-. . Po.X.„ . P„,„.x\ p 

[0 052] mm-r^f^o^mommi^jtcx. -^m 
i&^ti. ■t^(Dmti:^2'z>(Df^^<Dm(Dum±(iC^mm 
„.„ \t^^. p„.t.„ <bp„.i.„,i tomo!^.. P„.„ 

[0 05 3 ] ®pgE 1 4(c4c5C:t§7>fi'-':7U-A{fc 
ti. J&KilJ3£-fe>l^cDil^coaiJSfiigPMi --PM, <b 

m-^yV'<om^Tct^i}mt^fc^m^E2 0(iChK^ 
x^m^ti^. 

[0 05 4] $e>cc. a'jE{4gpMi --pMr ^^^^ofti 
50 (c^^EL/rti?^j:6):c(.i r^jhj iZi^^^j?). ?&Ka'iS-fe 
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MXNfflCDmiZM (X 1„ . Yl„ . Z lp.„ ) f)^ 

mm^mtj:^. immE i ottdttmrnE 1 1 -e 1 4 

[0 05 6 ] mi^C-:>\.>Ximt^. £SP^E2 0«. 

-AMx <Dfcisb<Dmm(oifnm{tx$>^. s^e2 2-c 

C r k « 1 E 1 4 ratto 6n/c7^t-7U- 

m(Dm^<DSi}^.<om^mfn(>cj;:'7XW:t ^^v$>^. 

^m^^\.^X\t. m^E2 2f}K V-^^-VU- 

-AM, t^n\^mmnxh->x^^t^o^ ^m^mh? 

[0 05 7] apgE24'C«. ^'fl'-^b-AMk 

ts. yii^nm^cm^nr^^mo^^^i^^xhm 30 

gPM, <o^^h1cr>xmxroJ;:')U^mm^ih 
<D^OMW(t. /ci^tf 1 2 5 0 mm± 1 5 Omm^. 

»b raft J tc^c^)j:^cc-r^;!i\ mmum^ti^h't 

C i t !^cC I i ii^ 7 Y 7 U - A (omU Cc*f 0 

-SWAP, i^fiigT^ci. 

3£>'^•^;H6. . 16h. 16, ti^^^i^Ct. CCX 

-mmMWi 5±r-fe>ifCcj:oriiJ^$n/c^®a5 
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[0 05 8] ^mm^M.^\.^xcnh(D^mmt 
zm^. r^m^^oxchhm^mmm^^b 

(D7-fir-7U-A«:'O0ir. 7^^-:? u-am, k: 

So 

[0 059] S'JSiigPMk iJiatf-^n. 

-H3tffi^.^ (0. X. Y. Z) rtr^^n-SffiliiS 

(XMk YMk . zMk ) x$)ht>^ti^^>irii.m 

-*¥E(0. X. Y) tc^f-r-STfe^fftcDfigSM, 
[0 0 6 0] SPgE 2 5«. fflSfigPM. -PM. ^ 

^tifctf^if':>fp^mmt^mmx^h. ^mviov-i^ 

-7l/-A;&^^Sii^, SfH/W-ri^-7U-ACC-:>C^ 
rSPgE2 2'-E2 47!i5|ltf$tX'So y^^-Vl^-M. 

ifit^xum^ti^t. RMomMiiLmPM^ -pm„ 

[0 0 6 1] SP^E 2 6{i. WimamPMr ~PM, ^ 

len^n/cffig*. igsgrt<DW?:^i:saigi#^PM. 

[0 0 6 2] igKTC^i. afe^-r'5 2oC)figPMk t 
r!B5*^C07'/1='-7U-AtCUfc>Oi^*i. ■fe>1^**B^5£ 

PM, tPMfc.t . CO^COigSSm-SP I T,., - 

p I T,., (om^mifinn^n^o 

[0 0 6 3 ] iSSS^^^tCi^S-r-SiU^iCi^. 2-:? 
-fiXiCCi^KMl 3 7&^ 

-^KM 1 3tfc\mZ(,C^^fcmY±<Dy v ^i)^ 

ir\t^\^<Oi}>fji<th\'0(o^n^'$k^hctx;^^. 
[0 0 64] mtm&^\t. mm^m^tr^tcify^M 

mtvi^^v Y{tmM^^^xu^(oi3mx'i=rf^tx. 
[0 0 6 5] mr&m»<Dy^^-y u-AisssTc 
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[0 0 6 6 ] ^sccoo^TiftH^T^o mm(fcm^xm 

C^^o 10 

[0 0 6 7 ] ^1>'^>F;^3 S4a30i3'C^-Si 

4 1 CcaS^-r^^r:; ^ 1 4CDTffiCClR0^L^tE^j:t^ 
[0 06 8 ] ^Mgp^ W^>FJ^3 Uca:or. 

(0. X. Y) tcst-r^{4g<b. rnxmr^^^^y 20 
•9*3 3(D:^a;^>5^s?>e»n-2>o 

[0 0 6 9 ] 3fc^-te>i^3 3ti!gj*(D^MSP^^^^^ 

1^3 3 (FR-^-2 664 377) tiSEBSWOC^. @ ^CD:^IdI«: 

3 3 2 ^&4>oM?i3 3 1 ^mmt^^MS 3 0 =£:^t^. 
Mm3 3 1 mm^miU^^i^:^^M.3 3 S^Mb 

^^oypmomt. mm3 4i(omm^^^':>x'A'^t 
me^h^cti)mtb^\ ccxpmct^titAtfc 
\tsx^6o ¥fbv3:ijm<D^n#±(^c^m^titcim. 

fflS3 3 4(cJ:0. ^^u::^7'A3 3 5^mmt^mm 

(omm^ti^. ^mm 3 4±(Dm3 3 2CDm\t 
[0 07 0 ] 'kyv3 3fiCr)\,>xom^mm?h (os. 

XS. YS. ZS) (CM^r$*ZS5i^«lfflS3 3 4(D 

mu&^mm 3 Afji^immimoms^^m 40 

50 =a + b. c o s <l> 

51 =a + b. sin</> 
Sj =a-b. cos<^> 
S3=a-b,sin<^> 

[0 07 1 ] cnesiwifcciT. aibtj. -s^;?, m 
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^ Si -S, 

[0 07 3 ] fl[ti</>ti27i:Cr>3fia'C^5?)6tl'2.o ^IM 
^>or. 4>^Jl?*>6>^tOi^Src[)ratC2 7E:/P/cC:Jfflffl 

mnhm^m2mm^m\.>xm^b. immom^ 
mbxnwj:f(n^^i'>ct}ci:^. com^o-^m 

[0 07 4] ^>^3 3<Dmimm^ (os. xs. y 
s. zs) ^fei^r. mmm{^ibommm^<o^.<o 

im(c^^-^>v-3 3(Dm]E^^^xwfMomm(ic^% 
[0 07 5] -fe>f*3 3(Dm}wmimmct^{t. m 

XSii-ceOOmm. «lYS±'C4 0 0 mm. ^ZS± 
'r3 0 0mmr^»9. :*^ffiS^3:ttX SfciO'Y S±^ 
*j*50*al. 5mm^^iSffl<bL. WZSrO. 10 
mmm&om&^h'^. #XS*JcfcO'YS±©-fe>1f(D 

wm-mu^^m 3 3 4 6 xmB<D^i$<o^ 
m^mb<. -encc<i:D-fe>if3 3cDf^ffl*S3&i^^€.o 

[0 07 6 ] mm 8 CCOl^rtftBJTSo WMgp^2 >'^ 
>K;U3 4^<fcO. 3t}^f*3 2^Aj:t)-^^^'fe>1f3 3 
JC^tT^:<7^^3 5(D:^{a*59i2si)6nSo WHIpT-A 
3 4 ±5 a^cDii»f etcD:F^<D{4g9t!s?)^Sffi 

[0 07 7 ] figS^:^^ 7 3 5 {J^SSS^S^g 
(OR. XR. YR. ZR) i^r>CCBiJji'yX^ 

0^^C3!po/c. (0. X. Y. Z) K:fct:f.5 

i'i^ii^PM. (XM.YM. . ZM. ) ffi. 

[0 07 8 ] Strt2-CSi?^Lfci:^^. -feVlfScDlocD 

wmmpur (c«. ^u-Aom^^ (0. X. Y. 

z ) ^c*j > rj^^fii?!ii^^^cb^> o r c ^^mmt^c ^^x 
^m^^7fk^tiX\.^^i^^^t3{!>r^< <i:fc3o<D{4gS 

jt^'^'^^ne, . 16. . 16, mm-^^i^tixi^^ 

[QOl 2] tf^v3 5ti30CD&M^S^>'^>'l^CC;X^ 

\t. mmjh (0. X. Y. z) iicmhmm<Dm^mt^ 

m^-oXi^^^fc^. mU^. (0. X. Y. Z) ^C^^it 

[0 08 0] ijj>iv 3 bi)^3-:>OJ^^Mcm^ hinted 
<D3-:>O^^ti0ji'7 0Xl5mcX^. 3-^<D-fe;^> hit 

iSTtis^i^ mm>mm. ^^^35^3 oajfigsse 

>'N*:^;H6. . 16. . 16, ti)\ j-^^yx^am^tm 
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^ r * ^ c i J: 0 $ [^I-<OMrt ?:ciiii^. 
[0 0 8 1 ] ctif^S'rxDmmo^^M. tk(>cwtMr^ 

[0 0 8 2 ]ffe:^. ^y-^ssomm^. (OS. xs. 

YS. ZS) (OR. XR. YR. 

ZR) -^omZ^mmTRS^t. WMgp^^>K;^3 4 

[0 0 8 3 } ^^tf?iJTRfcJ:i:/TRStcJ:D. -iz^if 

mmm^o&^oj^ommm (x. . y. . z. ) 

Yr . Z, ) (^mkt^Cti)^-C^^. 
[0 0 84] 
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[0 0 8 5 ] ±s;tc4c50^r«. nj^nRStnmTRt 
^i^<o®3?f?»m#6n-2>o 

[0 0 8 6 ] ^B&i(^^l^X{t. 2 75^7 y ^ 1 

4(C^@tCiiJe3n. •fe>1^3 3:*^>'^>^•;^3 4<f:I^I^ 30 

;^^73 5A^^^^> K>il'34J&/M^'C^J*<*3 2^g 

«(o::^rtft>n-s. cootie. aij^-fe>if3 3«ss 
[ 0 0 8 7 ] $ ^^Mo^mmf^hi^^x^t. tjs-fevtf 

3«. ii>^^C<ifc50(^#iffi^^r^-:>r^^40 

i^tc(^t:ri^n. ioA5gitCT^rSiW6tiTt>^<fc^!^j: 

1^ 3 m^m> 6^^ncs§Bt^«o J: ^ . mmm^^n 

h<OX. mi^E I OV{m^ELtj:ffir>tct^CCVi,m^ 

[ 0 0 8 8 ] ^ 1 0 (c-^ii-rsftH^T^o ^SP^E 3 0 

(i, 7U-A0r»^c;5' 1 4(0jEfil^l 4 lCC-fe>1f3 50 



m^^ts. ^>v3tmKi9\-iyffi^mrj:umvvv^ 
i4(cjSiS$n'cc^^it^«:«. m^mmmtmr^ 

[0 08 9] mE 3 2mm<ovmitvh^. -fevt^ 

3 3 (COl>T(0gg^3^<D*>i:^0 Si)m\^^^^PM^ i- 

au. -^^v-tmm^. (os. xs. ys. zs)<oi^ 
mm%mm^{o. x. y. z) ^^f-rs^iffigp 

tuh^*). wm.^y'^3\tmm^mi)^hmmb. 

[0 09 0 ] ;>COCigSSTC±<D&tJSffiMPM, --PM 
, tCOC^rKP§E3 3--E3 6*5||ff$n-2»o 
[0 0 9 1 ] S®E 3 3-CiJ, afJ^'fe>1f3^{4gPM 

vv^lAt. WPgp>'^>FJ^3 1 <bCDim^^fc« 

[0 09 2 ] -fe^tfs^&^a'iSfiiiiPM, Ki^r-si, 

J:^ 1 0 ~ 2 0 »<b ^ J: ^ tCffScr)^K<Dffiag. S 
•To 

[0 0 9 3 ]i2pgE34{^. m^^^m,\yx^muc^ 
[0 09 4] sp^E 3 5 mi^x^muc^ ^ dc^m 

WMt!jt'7 3b^m^X3'O<0^'^^)i^l . 16h . 1 
mm(0. X. Y. Z) tCfc^:f^•fe>1^3 3CD{arg(DS* 

[0 09 5 ] g^?e«?9«:*iC^r(ifj^Pi<i:ffi®^^pg 

tf)mmitc^fhn. tfam^Bm(tc^i^^x\mi£<Dt(i 
[0 09 6] SP§E3 ^mE3 4vmis,^tifcm 
c^rtossi^S^ (0. X. Y. z) ccfci^^TfriSMffi 

mmt>tm^v$>6. cornet. wti>cimbfw^ 
m^mmih (o. x. y. z) ^M^r^t>$n^j^s 

[0 09 7] iap^E3 7«. -b>1^;0igKTC±<D±r 

mx$>^. ^^ifi^^om^f^cftt. *^{4accoiirs 
m3 3^E3i^mn^ti^. m&Tc±m^f)^ 

*fc*55<b. i']3£^?f^^P§E3 0««^7-r^o 

[0 0 9 8 ] ^^m^;&s/^ALrlSPgE 3 2 - E 3 etc^ 
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[0 09 9 ] •r-C{c|SiB^L//cJ: 5 CC. £I3I^E 3 OOig 10 
^aSPIE 4 0 vmgiti^» 1 5 ©l»^W*f';t'*s^ 

mi) mmm^iy-^imti,. ^^bjkjtsh^x 



!^ia¥8- 10 10 32 
20 

[02 1 :^micj^i>^'X7m^i}m<o^tjim<D-^a 

[04 ] *^IS«:j:Sffi^?^^S^©BlS0-r*S. 
[05] @®l^^F«3©filf?fi!^^^®fi[g?r^T. 

[06] *^^«:j:SJ^i«t-fe>t>-©^a'7-^-V'-7 

[07 ] *^W(cj:5J^JS-t:>t>-®igK©^:£T;l' 

[08] *^B^:cJ:53^®J5£-fe>1^-©liiS0t?*S. 

[09] m%ti>%w<mmsi^<D}LnK.aimm\'& 
[010] *«?g«:j:sjet^jsr;i':J';XA-c*.5. 




[05] 



(13) 



l^mW-S- 10 1032 



[09} 




1101 



E30 



E31 



E32 



E33 



E3i. 



E35 



E36 



E37 



I 



tOXWt .'rat 



JL 





(14) 



-10 1032 



(71)£tlISA 595089075 

SOLLAC 

7'7>X@, 92070 -7 fVr>7., 



13320 -r/-^ ^ju X 
K^-^ h> ^ 601 



(72)^^^ ^VxJlz ;l/=^-A 

7'7>;^a. 13510 x=<^a.. 
7-7>;^S. 60300 t^v;;^. n> 

7^>;^S. 95880 r>^1'> u 

-fa. ^-^^ 30 



